Abstract
Introduction
Rwandan coffee has a balanced flavour, aroma and fruity taste which make it among the top rated coffee in USA, European and the Asian coffee markets. The main by-products from coffee processing are waste water, mucilage and pulp.
The by-products are rich in carbohydrates thus useful for various purposes including the potential for ethanol production. Types of coffee processing produce slightly different by-products.
Wet processing produces different by-products compared to dry method. In wet processing the coffee fruit is pressed in water through a screen which leaves a part of the pulp, the mucilage and the parchment still attached to the seeds (Belitz, et al. 2009 ).
The composition of Coffee pulp is ether extract: (0.48%); crude fibre: (21.4%); crude protein: (7.8%); Pectic substances: (6.5%); non-reducing sugar: (2.0%); reducing sugar: (12.4%); chlogenic acid: (2.6%); caffeine: (2.3%) and total caffeic acid: (1.6%) (Gathuon, et al., 1991) .
The coffee mucilage fraction remains adhered to the coffee bean in the wet processing which allows separation and concentration of the fraction. The composition of the mucilage is: water: 84.2%; protein: 8.9%; glucose (reducing): 2.5%; sucrose (nonproducing): 1.6%; pectin: 1.0% and ash: 0.7% (Clifford, Wilson, 1985) .
This research studied ethanol production from a mixture of coffee by-products particularly pulp and mucilage of coffee. The Fermentation and distillation processes of the raw materials and evaluation of the main process variables of coffee processing as byproducts was conducted. Ethanol production as one of the applications of these wastes, as they contain carbohydrates which can be used for fermentation. The objective of the research: -Minimize negative effects of coffee pulp and mucilage to the environment; -Value addition to the coffee pulp and mucilage; -Increase raw material resources suitable for ethanol production.
Materials and methods

Source of samples
The coffee by-products used in the study were of coffee Arabica variety from coffee station in the eastern province of Rwanda specifically 35 kgof pulp and mucilage from one of the coffee washing stations in Rwamagana were used.
Samples preparation
Samples were prepared from pulp and mucilage based on different sugar contents. After the extraction of pulp and mucilage, samples of mixtures of all by-products were prepared, for each by-product different weight and Bx were used: 11 kg (sample A) with 10 degree Bx; 8 kg(sample B) with 20 degree Bx and 2 samples of 6.5 kg with 15 degree Bx (C and D). The other raw materials used were coffee water, water and molasses.
Wort preparation
The pulp with mucilage adhering on it, was passed through a mesh then through a manual extractor for juice extraction, care was taken not to cause physical damage to the structure. The juice obtained was collected in a well cleaned bucket in the laboratory. The juice was mixed with 10 kg of coffee waste water for wort preparation.
All samples were sterilized by heating at 95 °C for 900 seconds. Acid hydrolysis and regulation of fermentable sugars were simultaneously done to each sample. Yeasts were also prepared for each sample pulp by considering sample size obtained in extraction. It was necessary also to increase fermentable sugars by acid hydrolysis, where the hydrolysis of pectic substances in mucilage such as protopectin, increase the total sugar content (Fengel, 1979; Diana et al., 2011).
Fermentation
All samples were fermented separately, wort well aerated and cooled to 20-22 °C were subjected to fermentation. The pH of wort was optimised to 4-5 for fermentation. Yeast solutions were also prepared for each sample and were mixed with the corresponding samples to facilitate fermentation process. Air bubbles in the containers as well as the level of sugar content were monitored in the process and ethanol was progressively produced.
Ethanol (alcohol) measurement after fermentation this involves the measurement of the density of the wort before fermentation (FG). The ethanol concentration obtained was calculated by using Cyril JJ Berry formula:
where OG -original specific gravity;
FG -final specific gravity; 7.36 -ethanol density.
Distillation and identification
Each sample was distilled separately and ethanol concentration was determined using an alcoholmeter, chemical reaction and combustions.
Results and discussions
Handling of raw materials
After reception of the raw materials, it was observed that their decomposition occurred immediately after processing. The decomposition was related to changes in soluble solids, pH, color and odor over time, is associated with factors such as the quantity and quality of the water used in the processing of coffee, which was not of drinking quality.
Fermentation process
The process of fermentation was conducted and the obtained results are shown in the following Figure 1 .
When the fermentation is going on, sugars are converted by yeasts to ethanol. The variation of reducing sugars in a substance shows the evolution of fermentation process. The fermentation is finished when the density has decreased by below 6%.
Many times the fermentation stops before reaching that value, or can continue and goes below that value. It may be due to many factors related to pH, sugar content, yeasts preparations etc. This results in very sweet or dry wines when they are for drinking, but for this case study, the non-well fermented wort will result in low yield of alcohol (i.e. ethanol concentration).
From Figure 1 , it easy to see that sugar content varied differently over time, in the 4 samples: -For Sample A, the Bx level decreased considerably from 10 to 2 °Bx; -For Sample B, the Bx level decreased by only 3 °Bx, it means from 20 to 17 °Bx; -For Sample C, the Bx level decreased moderately from 15 to 5.5 °Bx; -For Sample D, the Bx level decreased considerably from 15 to 2 °Bx.
The way sugar content have decreased during fermentation, by comparing the initial level before fermentation and the final level after fermentation is directly related to the fermentation efficiency.
For this case, for Sample D, where sugar content varied considerably from 15 to 2 °Bx, it means that fermentation have been powerful, Although for Sample B, where sugar content decreased by only 3 °Bx, from 20 to 17 °Bx, it means that the fermentation have been inefficient. When the fermentation has been inefficient, it means that sugars have not been converted into ethanol adequately, which means that the alcohol concentration in the fermented product should be low.
Optimization of alcohol concentration
From the following Figure 2 , it is shown that the alcohol concentration varies for the 4 samples. It may due to the parameters which condition the fermentation process such as: yeasts preparation, temperature, pH adjustments, and sugar content.
For this case study, pH, and the temperature have been kept constant for all samples, which means that the difference between the alcohol concentrations resides in 2 factors:
Sugar concentration Yeasts preparation Optimization of alcohol quantity yield During fermentation, sugars are converted into alcohol, but all the sugars are not converted completely. After the fermentation; residues of sugar not fermented, dead yeasts, and other materials contained in wort which are not fermentable, sink in the bottom of fermenting vessel. Minimizing the available quantity of alcohol mixture in order to use it in the distillation process. When sugars are not fermented sufficiently many sugar residues sink at the bottom, which results in a loss in the alcohol recuperation. By calculating the apparent attenuation, it was immediately anticipate the loss in alcohol recuperation as an increase in apparent attenuation corresponds to the increase in quantity available for distillation.
Thus, in order to increase the quantity of fermented substance which is available or usable in distillation, (which influences also the final ethanol concentration obtained after distillation), is to make sure that is done in the way of controlling all factors (Yeasts preparation, Optimum pH, temperature, Not high level of sugars etc… as cited above).
As it is shown on Figure3, the Sample D has produced a high quantity of alcohol, both in the quantity and in concentration, as shown by Figure 2 . On the other hand, the Sample B, has not produced any valuable quantity for use, because its fermentation got stuck as shown, in figure 1. Quantity analysis of ethanol yield production During the distillation process all wine, beer, or fermented product content are not evaporated, because they are not ethanol or water. Thus, there will be some liquid which remains in distilling flask. These substances have been weighed and compared to the weight of the ethanol produced. The figure 4 shows that the production of ethanol in samples A, C and D was good and the best production of ethanol was high in the sample D compare to others.
Conclusions
-Further studies on this topic can be conducted for moderation since it is a complex process and it necessitates more time and powerful equipment to explore each opportunity by analyzing deeply all details; -The application of this project can help various institutions in Rwanda, dealing with environment, to reduce the environment threat caused by coffee processing by-products, and produce a valuable substance such as ethanol, which can be even used to produce energy.
